Introduction 21
In December 2019 a new coronavirus disease (COVID-19) was identified in Wuhan, China. 1 By 26 th
22
March 2020, over 450,000 confirmed cases, and over 20,000 deaths across 172 countries had 23 occured. 1 While diverse age groups can experience the severe consequences of COVID-19, the virus 24 has the most detrimental impact on ageing adults over 65. 2 Data from the United States of America 25 COVID-19, while 4 to 11 percent of adults between 65 and 84 years of age die.
2 Furthermore, 27 between 11 and 27 percent of those over 85 die. 2 
28
Countries with ageing populations such as Australia have reason to be concerned. Currently, 17.7 29 percent of people in Australia have a disability and 15.9 percent are over the age of 65 (ABS, 2019). 3 
30
The first four cases of COVID-19 were confirmed in Australia on 26 th January and the number has 31 quickly increased with 2,423 confirmed cases as of 25 th March. 1 The rapidly rising number of people 32 experiencing ill health during a pandemic has the potential to have a detrimental impact on health 33 service delivery, particularly surrounding the provision of palliative care. 4 Within countries which 34 have comparable demographics to Australia, it is important that priority areas with significantly high 35 numbers of ageing people with disability and poor health service access are identified. Their 36 identification is a seminal first step towards evidence-based health service decisions. 37
Already, geographic information system (GIS) methods (hereafter described as spatial methods) have 38 been consistently employed towards monitoring and tracking the COVID-2019 pandemic. 5 Boulos 39
and Geraghty 5 detail how spatial methods have been essential towards the mapping of incidences of 40 COVID-19 globally. They also suggest that methods that can be useful to identify sites for new health 41 services. As an extension of this work, in the absence of resources and time to build new sites for 42 service delivery, such methods can identify where bespoke health service delivery modes -for 43 example, particular telehealth methods supporting palliative care for ageing people with disability 4 -44 should be delivered. 45
As a case-study to support future spatial work aimed at addressing service delivery for ageing people 46 with disability during a global pandemic, a spatial analysis was conducted to identify priorityMelbourne metropolitan areas with a significantly high percentage and number of ageing adults (65+) 48 with disability, and high barriers to accessing primary health services. After, travel times from priority 49 areas to (i) palliative medicine, and (ii) hospital services were clarified.
Population and Housing
6 was used to clarify the number of people 65 years and older who require 54 assistance with a core activity (a proxy for disability). The location of palliative medicine providers 55 and hospital services were identified via Health Direct's 2019 National Health Service Directory 7 , and 56 the Metro Aria 8 (an accessibility index for key domains across Australian capital cities) health service 57 index was used to measure access to primary care. 58
Data analysis 59
People over the age of 65 were mapped to the Statistical Area 1 [SA1] level (the second smallest 60 statistical area possible within the Australian geography standard, see ABS 9 for more information). To 61 identify areas with significantly high numbers and percentages of ageing people with disability, and 62 also poor access to primary health services, three Hot Spot Analyses using ESRI's ArcMap 10.4.1 63
were conducted. The Hot Spot (Getis-Ord Gi*) analysis identifies areas with significantly high and 64 low numbers of a domain given a geospatial mean. Similar to the approach undertaken by Lakhani et 65 al. 10 , areas which met the criteria of being significant (at the p<.05 level) during all three analyses 66 were identified as priority areas. After, a centroid (a marker representing the centre of an area) was 67 produced for each priority area, and the travel time via motor vehicle from priority areas to the nearest 68 palliative medicine and hospital service was clarified via two iterations of the origin destination cost 69 matrix geoprocessing tool. Finally, the travel time was averaged. 70 case-study, priority areas were identified, and the travel time to essential health services confirmed. 86
The use of such methods, can inform global practices for service delivery. 87
Given the barriers to access for people in priority areas, an overburdened health system, and the 88 potential for further contamination through contact, service delivery lessons can be learned from 89 
Conclusion 122
Spatial methods are increasingly becoming an essential method to inform health service planning. 123
However, in the realm of service provision for people with disability and ageing people, spatial 124 methods are seldom employed. 10 The case study provides a spatial method framework which can be 125 followed to identify priority areas for palliative care services in a time of crisis. Irrespective of 126 COVID-19, it expected that these methods have broader applications in ageing societies where 127 palliative care is increasingly becoming utilized. Coupling spatial methods with contextually 128 appropriate palliative care service offerings are essential towards the delivery of evidence-based, 129 effective palliative care.
